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he National Bureau of Standards’ was established by an act of Congress on March 3, 1901. The 

Bureau’s overall goal is to strengthen and advance the nation’s science and technology and facilitate 
their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a 
basis for the nation’s physical measurement system, (2) scientific and technological services for industry and 
government, (3) a technical basis for equity in trade, and (4) technical services to promote public safety. Yen 
The Bureau’s technical work is performed by the National Measurement Laboratory, the National 
Engineering Laboratory, the Institute for Computer Sciences and Technology, and the Center for Materials 
Science. 7 


The National Measurement Laboratory 


Provides the national system of physical and chemical measurement; e Basic Standards” 
coordinates the system with measurement systems of other nations and e Radiation Research 
furnishes essential services leading to accurate and uniform physical and e Chemical Physics 
chemical measurement throughout the Nation’s scientific community, in- e Analytical Chemistry 


dustry, and commerce; provides advisory and research services to other 
Government agencies; conducts physical and chemical research; develops, 
produces, and distributes Standard Reference Materials; and provides 
calibration services. The Laboratory consists of the following centers: 


The National Engineering Laboratory 


Provides technology and technical services to the public and private sectors to © Applied Mathematics 
address national needs and to solve national problems; conducts research in e Electronics and Electrical 
engineering and applied science in support of these efforts; builds and main- Engineering” 

tains competence in the necessary disciplines required to carry out this Manufacturing Engineering 
research and technical service; develops engineering data and measurement Building Technology 
capabilities; provides engineering measurement traceability services; develops Fire Research 

test methods and proposes engineering standards and code changes; develops Chemical Engineering” 

and proposes new engineering practices; and develops and improves 

mechanisms to transfer results of its research to the ultimate user. The 

Laboratory consists of the following centers: 


The Institute for Computer Sciences and Technology 


Conducts research and provides scientific and technical services to aid e Programming Science and 
Federal agencies in the selection, acquisition, application, and use of com- Technology 

puter technology to improve effectiveness and economy in Government © Computer Systems 
operations in accordance with Public Law 89-306 (40 U.S.C. 759), relevant Engineering 


Executive Orders, and other directives; carries out this mission by managing 
the Federal Information Processing Standards Program, developing Federal 
ADP standards guidelines, and managing Federal participation in ADP 
voluntary standardization activities; provides scientific and technological ad- 
visory services and assistance to Federal agencies; and provides the technical 
foundation for computer-related policies of the Federal Government. The In- 
stitute consists of the following centers: 


The Center for Materials Science 


Conducts research and provides measurements, data, standards, reference 
materials, quantitative understanding and other technical information funda- 
mental to the processing, structure, properties and performance of materials; 
addresses the scientific basis for new advanced materials technologies; plans 
research around cross-country scientific themes such as nondestructive 
evaluation and phase diagram development; oversees Bureau-wide technical 
programs in nuclear reactor radiation research and nondestructive evalua- 
tion; and broadly disseminates generic technical information resulting from 
its programs. The Center consists of the following Divisions: 


Inorganic Materials 
Fracture and Deformation? 
Polymers 

Metallurgy 

Reactor Radiation. 


‘Headquarters and Laboratories at Gaithersburg, MD, unless otherwise noted; mailing address aa 
Gaithersburg, MD 20899. ; 7 . 
2Some divisions within the center are located at Boulder, CO 80303. - a = ; ¥. 
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ABSTRACT 
Contained herein is a bibliography of sources of experimental and 
correlated thermodynamic data for the systems CO + NH3 + H50; COs + Hos + 
H50, HoS + NH3 + Ho90, and COp + NH3 + HogS + Ho0. The types of data in this 
bibliography include all types of equilibrium data, including both equilibria 
in solution and vapor-liquid equilibrium data, enthalpies, heat capacities, 


and densities. There are 215 references cited. 


KEY WORDS: ammonia; ammonium carbamate; bibliography; carbon dioxide; 
enthalpy; equilibrium constants; heat capacity; hydrogen sulfide; 


sour water; thermodynamics; urea; vapor-liquid equilibria; water, 


nip tat 


INTRODUCTION 

The thermodynamics of mixtures of CO5 + NH3 + H20, COp + H2S + H90, NH3 
+ HoS + H20, and COp + NH3 + HoS + H20 are of importance for a variety of 
industrial applications which include the synthesis of urea, the utilization 
of sour water systems, gas production, and environmental concerns. The 
purpose of this bibliography is to identify papers which contain either 
experimental thermodynamic data for these systems or reviews or correlations 
of this data. The thermodynamic properties of interest include all types of 
equilibrium data, including both equilibria in solution and vapor-liquid 
equilibrium data, enthalpies, heat capacities, and densities. The principal 
e C05, HCO3, HCO; : 
CO(NH>)5, and ammonium carbamate, NH>COONHy. Our search of the literature 


s NHe; HS; s-, 


species in aqueous solutions are CO » NH 
was based upon a search of the following sources: a computer aided one of 
Chemical Abstracts from 1967 to 1983, the Bulletin of Chemical Thermodynamics 
L1] from 1960 to 1981, the files of the Chemical Thermodynamics Data Center 
at the National Bureau of Standards, and, finally, of the references found in 
the papers identified in the search itself. The authors would appreciate 
learning of any papers which we have missed in our search. 

The papers are listed alphabetically by first author. Each 
bibliographic citation includes a brief reference citation (the year and 
three letters from the names of the first two authors), the authors names, 
the title of the article and the source. In one instance only an abstract 
was available and there we have also given the Chemical Abstracts citation. 
The last column contains a capital letter(s) which serves to identify which 


systems are found in the paper. The letter codes used are: (A) C05 + H5S + 


H>0, (B) COp + NH3 + Hp0, (C) HpS + NH3 + Hp0, and (D) COp + HoS + NH3 + Ho0. 


Each paper has been annotated to show the type of data, the temperature 
range and, if appropriate, the pressure, solution composition, and pH. The 
property codes which we have used are from the Bulletin of Chemical 
Thermodynamics [1]; they are reproduced in Table I. In specifying the 
compositions of ternary systems, we have frequently used the quantities L and 
W, which are defined to be the mole ratios NH3/COo and H90/COo, respectively. 
Note that, using existing conventions, the value of W can be negative [2]. 

We have attempted to adhere to the journal abbreviations used in the Chemical 
Abstracts Service Source Index [3]. 

The Japanese, Russian, and Polish titles have been translated into 
English. These translations come, by preference, from the papers themselves 
or from Chemical Abstracts. The titles from the latter source may be 
condensations of the originals. 

This bibliography was sponsored by the Design Institute for Physical 
Property Data (DIPPR) of the American Institute of Chemical Engineers. 
Bibliographies on the binary systems CO> + H50, NH3 + H50, and HoS + H90 have 
also been compiled for DIPPR under the direction of Drs. David Garvin, David 
Smith-Magowan, and Bert R. Staples. These bibliographies have been used in 
developing the present listing, but those papers which treat only the 
binaries have not been repeated here. We thank Mr. T. B. Selover of the 
Standard Oil Company for bringing several references to our attention for 
inclusion in this bibliography, Dr. Hideo Okabe for his assistance with the 
papers written in Japanese, and Dr. Ewa Gajewski for her help with the papers 


in’ Polisn.. 


C1] 


[2] 


[3] 


REFERENCES 
Bulletin of Chemical Thermodynamic, R. D. Freeman, editor, 
Thermochemistry, Inc., Stillwater, OK, 1977 to 1981. 
Durisch, W.; Lemkowitz, S. M.; van den Berg, P. J.; Chimia; *34, 314 
(1980); "Constituent and Component Measurements and Calculations of the 
Vapor/Liquid Equilibrium of the Ternary System Carbon 
Dioxide-Ammonia-Water under Urea Synthesis Conditions." 
Chemical Abstracts Service Source Index: 1907-1979 Cumulative, in two 


volumes; American Chemical Society, Washington, DC, 1979. 
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